The objective of this experiment was to study the effects of different levels of supplementation on the performance, intake, digestibility, pH and rumen ammonia concentration in growing bulls grazing Brachiaria decumbens Stapf. pasture, during the dry-rainy transition season. For evaluation of performance, intake and digestibility, it was used 25 non-castrated steers at 11 months of age and initial average body weight of 270 kg, grouped in five plots of five animals each, following a completely randomized design. Each plot received one of the following feeding treatments: mineral mixture and supplement at the proportion of 0.5, 1.0, 1.5 and 2.0 kg/animal/day, corresponding to 0.18, 0.36, 0.54 and 0.72% of the average body weight of the animals. The area designated for the animals was constituted of five 2.0-ha paddocks.
Introduction
The Brazilian permanence in the meat international market depends, among many other aspects, on the constant and a constant offer of a product with quality. Because it is fundamental for establishing age of slaughter, growing phase plays an important role in this context inasmuch as younger animals present more protein deposition and softer meat (Magnabosco et al., 2006) .
Supplementation at pasture, the best use of animal genetic potential through crossings and slaughter of males and females for meat production are solutions which guarantee offer of animals and profitability of the production systems.
However, it should be clearly defined the objective of supplementation in the productive system. Therefore, contribution of the nutrients via supplementation during growing can aim different levels of animal performance, from the simple maintenance to daily gains from 500 to 600 g, aiming at slaughter of the animals at 20 months of age (Paulino et al., 2001) .
Positive effects on weight gain occur when protein intake is greater than 0.1% of body weight (BW) and they differ little among protein sources. Small effects on weight gain are observed when protein intake is low and they can be confused with effects of forage availability and type of supplement provided (Moore et al., 1999) .
When evaluating levels of total digestible nutrients (TDN) similar for soybean and corn grains, Garces-Yepez et al. (1997) found similar gains with supplementation of approximately 0.5% BW, with increases of 10 to 25% in performance when 1.0% BW was supplemented. According to Kunkle et al. (2000) , effects of supplementation with corn or soybean on intake and digestibility of forage are advantageous, especially in animals fed levels above 5% of the body weight. Sales et al. (2008) added increasing levels of energy supplementation, setting the consumption of crude protein (CP) at 0.3 kg/day and found negative responses on animal performance. Although there was any effect on dry matter intake, levels of energy supplementation impaired pasture intake and fiber digestibility.
The objective of this work was to study the effects of different supplementation levels on productive performance, intake, digestibility, pH and rumen ammonia concentration on bovines growing on pasture during the dry-rainy transition season.
Material and Methods
The experiment was carried out in Setor de Bovinocultura de Corte at Universidade Federal de Viçosa from October 2005 to January 2006.
It was used 25 non-castrated Zebu steers at initial age of 11 months and weight of 261 kg, distributed into five plots of five animals following a complete random design. Each plot received one of the five supplementation levels: mineral mixture; and supplementation at the proportion of 0.5; 1.0; 1.5 and 2.0 kg/animal/day provided at different quantities and containing 37% of CP and 36% of neutral detergent fiber (NDF) ( Table 1) Mineral mix, which was composed of 47.15% sodium chloride (NaCl), 50% of dicalcium phosphate, 1.5% zinc sulphate; 0.75% copper sulphate; 0.05% cobalt sulphate; 0.05% potassium iodate and 0.5% magnesium sulfate, was freely given for all the animals.
The experimental area for the animals was constituted of five 2.0-ha paddocks, formed with Brachiaria decumbens Stapf. and provided with covered drinkers and troughs. Aiming at reducing influence of variation on pasture dry matter availability, rotations of animals among paddocks was performed at every seven days.
For determination of total dry matter availability, pasture collection was performed on the first day of each experimental period by cuts close to the soil in five areas, randomly selected in each experimental paddock, delimited by a 0.25-m 2 metal square At collection, samples were divided into two parts: one part was weighted and immediately oven-dried at 55°C for 72 hours, for determination of total availability of pasture dry matter; the other sample was sorted in green leaves, dry leaves, green stems and dry stems for determination of structural components. Availability of potentially digestible dry matter (pdDM) was estimated by the following equations: pdDM (%) = 0.98 × (100 -NDF) + (NDF + iNDF) in which: NDF = neutral detergent insoluble fiber; iNDF = indigestible NDF.
All animals were submitted to digestion trial on the pasture, for a period of ten days so the seven initial days were for adaptation of the animals and stabilization of flow of markers as described by Titgemeyer et al. (2001) .
To evaluate chemical composition of forage consumed by the animals, it was used esophagus fistulated animals which, after a 16-hour food and water fast, were conducted to experimental paddocks for esophageal extrusa collection. These were performed at 7: a.m. on the fifth day of the digestion trial by using screen-bottom collection bags fitted around esophageal fistula. After 40 minutes of grazing, bags were removed and samples were weighed.
To estimate fecal dry matter excretion (FE), chromium oxide was used as external marker according to recommendations by Smith & Reid (1955) , and it was applied in a single daily dose (10 g/animal) packed in a paper cartridge and introduced directly in the esophagus of the animals with the help of an applicator for nine consecutive days. After seven days of adaptation, samples of feces were collected on the eighth, (4:00 p.m.), ninth (12 p.m.), and tenth (8 a.m.) days. Calculations of fecal excretion were done based on the ratio between quantities of supplied marker to its concentration in the feces, according to the equation: FE (g/day) = (Supplied Cr / Fecal Cr) × 100 in which: supplied Cr = chromium quantity (g) and fecal Cr = concentration of marker in feces (%).
Dry matter voluntary intake (DMI) was estimated by using indigestible ADF (iADF) as internal marker obtained after 264 hours of in situ incubation (Casali et al., 2008) , by the equation:
÷ forage iADF} + SDMI in which: fecal iADF = iADF in the faeces (%); supplement iADF= iADF in the supplement (kg/day);forage iADF= iADF in the forage (kg/kg) and SDMI = supplement dry matter intake (kg/day).
For determination of individual consumption of supplement (ICS), titanium dioxide was used at the average quantity of 10g/animal, mixed to the supplement immediately before supply, according to procedure described by Valadares Filho et al. (2006) , following the same scheme of fecal collection for chromium oxide, through the equation:
ICS (g/day) = (FE × feces TiO) ÷ supplement TiO In which TiOFeces and TiO supplement are the titanium dioxide concentration in the feces and in the supplement, respectively.
After collection, samples of extrusa and feces were oven-dried at 55°C for 72 hours , processed in a Willey mill (1.0 mm) and afterwards submitted to laboratory analyses according to techniques described by Silva & Queiroz (2002) except for determination of NDF and ADF, which followed methods described by Mertens (2002) and Van Soest & Robertson (1985) , respectively.
From dry matter intakes and fecal excretions, it was possible to calculate digestibility of nutrients and to estimate intake and contend of dietary TDN.
To evaluate the effect of supplements on pH and ruminal ammonia concentration, it was used five Holstein × Zebu crossbred non-castrated steers with initial average weight of 240 kg, fistulated in the rumen and abomasum (Leão et al., 1978) .
The experimental area for fistulated steers was constituted of five 0.4-ha paddocks, uniformly covered with Brachiaria decumbens Stapf. provided with covered drinkers and feeders.
The fistulated animals were organized in a 5 × 5 Latin square design with five supplementation levels and five 14-day experimental periods.
Because of the great weight difference among fistulated animals, it was chosen to supply supplements based on percentage of body weight of the animals. So, quantities corresponding to treatments of the performance experiment were divided by average weight of animals in each treatment, calculating the offer in % of BW of the animals in the performance experiment. The values were applied on the fistulated animals.
On the 14th day of the experimental period, samples of the ruminal fluid were collected in the region of liquid/solid interface of ruminal environment before and four hours after supplement supply to determine pH and ammonia concentration. Afterwards, those samples were filtered through a gaze triple layer. Analyses of pH were done immediately after collection by using a digital pH meter. For determination of ammonia, it was used a 50-mL sample added with 1.0 mL of H 2 SO 4 1:1, placed in a plastic container with a cover, identified and frozen. Concentrations of N ammoniac were obtained after distillation with KOH 2N, according to technique described by Fenner, in 1965, adapted by Vieira (1980) . Blood samples were collected by puncture of jugular vein by using test tubes with anticoagulant on the 14 th day of the experimental period. After that, serum samples were taken, which were wrapped and frozen at -15°C for further urea analyses. At the end of the experiment, serum was thawed at room temperature and analyzed for urea determination, following the modified diacetyl method using picrate and acidifier, both using commercial kits.
All results were analyzed by regression analysis at 10% of significance.
Results and Discussion
It was observed an average total dry matter content (TDM) of 4,613 kg/ha. As plant grew older, the effect of animal load and the approach of the rainy season, when there was greater forage availability, associated with an increase on green leaf quantity (Table 2) , with a reduction of dry leaves. Similarly, percentage of dry culms was reduced, and markedly replaced by green culms. This result was expected because of the increase of rainfall and acceleration of growth rate of the grasses in this season.
However, total dry matter remained greater than those indicated as limiting to animal selectivity, 4,262 kg/ha (Euclides et al., 1992) and 2,000 kg/ha (Minson, 1990) . This might have enabled increase on pasture dry matter intake during the experiment.
Tropical forage species present great production potential. However, dry matter accumulation over plant growth is followed by thickness and increase on lignification of the cell wall, in addition to a reduction on leaf:stem ratio, therefore compromising its quality as food for ruminants (Minson, 1990) .
Therefore, it is inferred that besides forage chemical traits, production of bovines on pasture also depends on structural and phenological traits of the plant, as for example height, vegetal biomass density (kg/ha.cm -1 ), leaf:stem ratio, inflorescence proportion and dead material. Those pasture structural traits determine selection degree on grazing by bovines, as well as how efficiently animal harvest forage on the pasture, affecting quantity of ingested nutrients.
The average content of crude protein of extrusa (Table 1 ) during the experimental period was 9.39% in DM, greater than the 7% considered by Lazzarini et al. (2009) as the limiting value in order to rumen microorganisms show complete capacity of using basal forage fiber carbohydrates (Mathis et al., 2002) . However, 51% of this total is found as neutral detergent insoluble protein (NDIP) with slow and incomplete degradation which reinforces the importance of additional supply of more rapidly available nitrogen sources.
The productive performance, evaluated by average daily gain, was linearly positive to supplementation levels (Table 3) , and an increase of more than 80% on performance of the highest supplementation level animals was observed, when compared to animals which were not given supplement. This can be explained by the increase on intake of TDN and metabolizable energy on animals at the highest supplementation level ( Table 2 -Forage availability and leaf:stem ratio in the different experimental periods the growth phase respond very efficiently to the input of nutrients. According to Berg & Butterfield (1976) , after birth, through proper management and feeding, bovines grow according to a sigmoidal curve, more intensively during the growing phase, reducing as they approach the adult phase. Because of this, when using growth potential of this phase at matter, the response will be the decrease in the productivity cycle of beef livestock, and consequently, increase on the profit. Pastures are the most economical and feasible manner of feeding bovines. Therefore, increasing the use of forage through optimization of intake and availability of its nutrients become a priority. By analyzing additional average daily gain, which represents increase in weight gain provided by the supplements, it is observed that there was an increment of 317g/day on animal performance at the highest supplementation level in comparison to the nonsupplemented animals.
Those additional gains obtained in this phase might cause slaughter of the animals before the second drought, that is, before 20 months of age, which besides of leading to a faster turnover of the capital makes management on the farm easier and reduces cost with further implementations on either confinement or semi-confinement on pasture, because this is the phase of the highest feed efficiency of the animals and greater economic and productive return of the supplementation. According to Leng (1990) , use efficiency of metabolizable energy (ME) of the forage can be significantly improved by supplementation. When deficiencies of the nutrients are reduced, supplementation ensures efficient microbial growth, which can result in efficient microbial fermentation with a maximal extraction of forage carbohydrates, with a consequent increase on the production of volatile fatty acids. Besides, the increase on microbial synthesis, provided by dietary crude protein, rises exit of microbial protein in the rumen. Paulino et al. (2005) , when evaluating the effect of different energy sources in multiple supplements on productive performance of steers growing on pasture in the rainy season, reported that, although there had not been difference on average daily gain among the supplementation levels, the supplement containing ground ear corn (GEC) provided additional gains at the order of 220g/day when compared to control treatment, which was mineral mixture, only. Average weight gain for all supplements was 1.247 kg/day, which is greater than the values found in the present study. According to these authors, those additional gains may be associated to the elimination of negative associative effects among forage and grains, provided by the total meeting of requirements of protein degraded in the rumen. Villela et al. (2008) found statistical differences for weight gain of the animals when evaluated supplements formulated with different protein sources for steer growing in the dry-rainy transition season. Additional weight gains of 223 g/day were observed for the animals that were fed supplement with cottonseed meal as protein source in comparison to the animals that only received mineral mixture.
The total intakes of dry matter, organic matter and NDF as well as the intakes of these nutrients just from the pasture were not influenced by the supplementation levels. Intakes of crude protein, non-fiber carbohydrates, ether extract and total digestible nutrients showed linear positive behavior in function of supplementation levels (Table 4 ). Because contents of those nutrients are relatively low in the basal forage, additional supply of concentrated sources resulted in a significant increase of its ingestion.
Substitution coefficient (SC) is the relationship among forage dry matter quantity, which was no longer consumed, and the quantity of ingested supplement (Reis et al., 1996) . In this work, the SC ranged from -0.40 to 0.36 (Table 6 ). If decrease on forage intake is equal to quantity of concentrated consumed, SC will be 1.0 and supplement will have little effect on production. On the contrary, if supplement has no effect on forage intake, substitution coefficient will be equal to zero and it will be observed a full benefit of its use. However, if this coefficient is negative, there will be a characterization of additive effect, with the supplement stimulating forage intake.
Intake of neutral detergent fiber was not influenced by supplementation levels probably because of the high content of this component in the supplement, around 36%, a value which was influenced mainly by the presence of cottonseed and wheat meal, with 31 and 42% of NDF, respectively. Because fiber of meals are more digestible, digestibility coefficient of this component increased without influencing ingestion of dry matter inasmuch as the highest influence on this characteristic is exercised by pasture NDF. The same logic can be applied for the other nutrients.
Effects of supplementation on dry matter, organic matter and neutral detergent fiber were not observed although it had been observed significant improves on digestibility of these dietary components (Table 5) .
Digestibility of all nutrients was linearly and positively affected by supplementation levels (Table 5) , showing improvement on rumen environment and greater microbial activity, especially because of the associative effects among nutrients.
It was not observed significant effects of supplementation levels on ruminal pH before or after four hours of supplement supply (Table 6 ). However, at the highest level of supplementation, pH values were closer to the minimal limit considered proper (6.20) to cellulosic microorganisms (φrskov, 1982; Mould et al., 1983) . There was no deleterious effect on fiber digestibility inasmuch as it increased as supplementation levels increased (Table 5) .
Ruminal ammonia concentration (RAC) showed linear increase in function of supplementation levels, certainly because of the increase in protein intake by supplements and mainly because of the increase in ingested quantity of urea, whose hydrolyses rate is higher. Supply of supplement with higher degradability with readily available nitrogen source via vegetal ingredients or urea is responsible for the greatest concentrations of ruminal ammonia.
Ruminal concentration of ammonia nitrogen has been frequently used as reference for qualification of ruminal conditions for microbial activities, especially for microorganisms which degrade fiber carbohydrates and use ammonia as preferred nitrogen source for growth (Russell et al., 1992) . Ruminal ammonia concentration has to be in appropriate conditions for optimization of microbial growth and further use of fiber substrate on the forage.
Levels of ruminal ammonia are important inasmuch as microbial growth is highly dependent on quantity of ammonia and organic matter fermentation in the rumen (Bryant & Robinson, 1962 , cited by Shain et al., 1998 . It is observed that the levels obtained are above 5.0 mg/dL of ruminal fluid suggested by Satter & Slyter (1974) Griswold et al. (2003) as non-limiting to microbial fermentation. However, the value found for nonsupplemented animals are below 10.0 mg/dL of ruminal liquid considered by Leng (1990) as optimal for proper fermentation in tropical conditions. For all the treatments, the values observed for RAC were below 20.0 mg/dL recommended by Mehrez et al. (1977) and Leng (1990) 
Conclusions
The offer of increasing levels of concentrated supplementation improves productive performance of beef cattle growing on pasture during dry-rainy transition season. Dry matter intake is not influenced by concentrated supplementation up to the level of 2 kg/day. Increase on supplementation level, however, has a linear effect on nutrient digestibility. Levels of rumen ammonia are linear and positively influenced by the increase on inclusion of urea in the diet.
